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Abstract 

The Early Cretaceous Australian mammal Ausktribosphenos nyktos Rich et al. 1997 was initially regarded 
as a probable placental mammal. The primitive nature of its jaw together with the presence of anomalous 
cristids on its lower molars were subsequently cited as important evidence against the hypothesis that 
A. nyktos may be a placental mammal. The discovery of a second, more advanced ausktribosphenid genus 
and species, Bishops whitmorei, demonstrates that these features are variably present within the family and 
thus strengthens the case that ausktribosphenids may be placentals. 


Introduction 

The concept that placental mammals originated in 
the northern hemisphere and subsequently dispersed 
to the southern dates back at least a century and a 
quarter to the writings of Alfred Russel Wallace 
(1876) (Rainger 1991). The oldest widely accepted 
placentals are species of Prokennalestes from the 
?late Aptian or early Albian (Early Cretaceous) of 
Mongolia (Kielan-Jaworowska & Dashzeveg 1989, 
Marshall & Kielan-Jaworowska 1992, Sigogneau- 
Russell, Dashzeveg & Russell 1992) and 
Montanalestes from the Early Cretaceous of 
Montana (Cifelli 1999, Jacobs & Winkler 1998). 
Despite the discovery of Ausktribosphenos nyktos, 
an early Aptian ?placental from Australia (Rich et al. 
1997), a northern hemisphere origin, reflecting 
current mammal distributions and late Cainozoic 
history, remains the consensus amongst palaeobio- 
geographers (Bonaparte 1996, Luo, Cifelli & 
Kielan-Jaworowska 2001). The presence of internal 
mandibular grooves on the dentary, together with 
lingual cingulids and unnamed cristids on the lower 
molars, were central to discussions concerning the 
validity of the hypothesis that Ausktribosphenos 
nyktos was a placental mammal (Archer et al. 1999, 
Foote, Hunter, Janis & Sepkoswki in Foote et al. 
1999, Kielan-Jaworowska, Cifelli & Luo 1998, Luo, 
Cifelli & Kielan-Jaworowska 2001, Rich, Flannery 
& Vickers-Rich 1998, Rich et al. 1999, in press, 
submitted , Woodburne, Springer & Rich, submitted). 

Institutional Abbreviation 

NMV P Palaeontology Collection, Museum Victoria, 
Melbourne, Australia. 


Systematics 

Class Mammalia Linnaeus 1758 

Subclass Theria Parker and Haswell 1897 

Infraclass Placentalia Owen 1837 

Order Ausktribosphenida Rich et al. 1997 

Diagnosis: Distinguished from other mammals by 
the presence of six lower premolariform teeth, the 
posterior two of which are submolariform, and the 
presence of unnamed cristids 3 and 4 on many, but 
not all, lower molar talonids (uc3 and uc4 in fig. 4) 

Family Ausktribosphenidae Rich et al. 1897 

Diagnosis: That of the order until other families are 
described. 

Bishops n. genus 

Type Species: Bishops whitmorei. 

Diagnosis: Distinguished from Ausktribosphenos by 
the Mi being markedly larger than the M, in length 
and width rather than being subequal or noticeably 
smaller; lower molars noticeably more exaenodont 
(base of the crown significantly lower on labial than 
lingual side of the tooth), and a less extensive 
precingulid; internal mandibular groove that cannot 
be differentiated into Meckelian and surangular 
grooves and is shallower and less extensive than 
those structures; mandibular foramen closer to the 
ventral margin of the mandible; and absence of 
facets for the coronoid and surangular bones. 

Etymology: In honour of the late Dr Barry Bishop, 
former Chairman of the Committee for Research 
and Exploration, National Geographic Society, who, 
together with Dr Frank Whitmore, former Vice 
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Chairman of the Committee for Research and 
Exploration, steadfastly held to the opinion that 
fossil mammals and birds would eventually be 
recovered in the Australian Mesozoic if the 
objectives of the Ghastly Blank project were 
pursued for a sufficiently long period of time. 

Bishops whitmorei n. species 

Holotype: NMV P210075 (fig. 1), somewhat 
crushed left mandible complete except for dorsal tip 
of ascending ramus, distal part of the angular 
process and anterior end of horizontal ramus, with 
six premolars, three molars, and one alveolus 
anterior to the preserved teeth. M 2 badly damaged 
and P 3 slight damaged. Other teeth in excellent 
condition. Crushing has resulted in the jaw being 
laterally convex. Collected on 3 December 2000. 

Referred specimens: NMV P208484 (fig. 2d-f), right 
mandible fragment preserved from beneath the M 2 
to the anterior part of ascending ramus, M 2 well 
preserved, alveolii of M 3 present. Collected by Ms 
Katch Bacheller in 1999. 

NMV P209975 (fig. 2a-c), right mandible fragment 
preserved from midpoint of P 6 to rear of base of 
ascending ramus with posterior root of P 6 , buccal 
region of the talonid and roots of M,, and heavily 
worn crowns of M 2 _ 3 preserved. Collected by a 
member of the field party that excavated the Flat 
Rocks site in January and February 2000. 

NMV P210070 (fig. 3), somewhat crushed right 
mandible extensively damaged in the region of the 
P 6 and lower molars, complete except for dorsal tip 
of ascending ramus, distal part of the angular 
process and anterior end of horizontal ramus with 
six premolars, three molars and four alveoli anterior 
to the preserved teeth. Collected by Mr Norman 
Gardiner, 3 December 2000. 

Diagnosis: That of the genus until additional species 
of the genus are described. 

Type Locality, Stratigraphic Unit and Age: All 
specimens of Bishops whitmorei were found at the 
Flat Rocks fossil vertebrate site, 38° 39’ 40±02” S, 
145° 40’ 52±03” E (World Geodetic Standard 1984) 
on the shore platform of the Bunurong Marine Park, 
Victoria, Australia, Wonthaggi Formation, Early 
Aptian (Rich et al. 1999). 

Dental Formula: The presence of six lower 
premolariform teeth, here designated as P,, P 2 , ... 
P 6 , in both the holotype and the most complete 
referred specimen of Bishops whitmorei (NMV 
P210070), is unprecedented amongst known 
mammals. Placentals have previously been reported 
with as many as five lower premolars, although four 


is a more typical maximum number for the group 
(Cifelli 2000). Cifelli endorsed the earlier 
recommendation that in placentals with five lower 
premolars, they be enumerated as P,, P 2 , P x , P 4 , P 5 on 
the grounds that third premolar in the series was not 
homologous with any of the premolars in placental 
mammals with the more typical number of four or 
fewer lower premolars. This inference was based in 
part on the observation that the third premolariform 
tooth of the series, P x , was noticeably smaller than 
those immediately adjacent in Gypsonictops and 
Kennalestes. 

Except that the P, is just slightly longer than the P 2 , 
the premolariform teeth of Bishops whitmorei 
increase in size monotonically posteriorly. So there 
is no readily apparent morphological clue as to 
which of these six teeth are homologous to the P,^ 
of placentals with four premolars. On NMV 
P210070, there are four alveoli preserved anterior to 
the P, (fig. 3b-c). The posterior two of these alveoli 
are noticeably larger than those of the P |7 suggesting 
that no matter whether the tooth immediately 
anterior to the P, was single- or double-rooted, it 
was a canine more prominent than this premolar. 
The preserved tip of the jaw of NMV P210070 is 
abruptly truncated by a break that forms a vertical 
plane perpendicular to the long axis of the jaw. On 
that vertical plane is exposed the cross section of an 
alveolus for presumably a procumbent most anterior 
incisor (fig. 3c). Therefore, if there was a single- 
rooted canine, the lower dental formula for B. 
whitmorei would have been I 3 , C,, P 6 , M 3 . If the 
canine were double-rooted, the dental formula 
would have been I 2 , C 1? P 6 , M 3 . 

An alternative interpretation would be to consider 
the most anterior tooth preserved in NMV P210070 
and NMV P210075 a premolariform double-rooted 
canine. If it is a canine, the size of the alveolus 
immediately anterior to it would suggest that the 
most posterior incisor whether single- or double- 
rooted, was a more prominent tooth than the canine. 
This would be a rather unusual circumstance. The 
fact that the P, is just slightly larger than the P 2 is 
suggestive that the former may be a canine. If this 
eventually proves to be the case, the lower dental 
formula for B. whitmorei would have been I 4 , C,, P 5 , 
M 3 if the last incisor was single-rooted or I 3 , C,, P 5 , 
M 3 if double-rooted. 

For descriptive purposes within this paper, the 
dental formula I 3 , C,, P 6 , M 3 is assumed. 

P 1 -P 4 (fig. la-d, 3a-c): Other than almost 
monotonically increasing in size posteriorly, the four 
most anterior premolars are much alike. All are 
double-rooted, mediolaterally compressed and have 
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Figure 1 . Holotype of Bishops whitmorei, NMV P210075, left mandible, (a) Labial view; (b) Occlusal view; (c) Lingual view; (d) 
Anterior view; (e) Posterior view. The paler coloured parts of the M 2 are restored from NMV P208484, 209975 and 210070. The paler 
coloured parts of the M, were restored from NMV P210070. Because the anterior edge of the ascending ramus of the holotype of B. 
whitmorei was preserved to a greater height than on the holotype of Ausktribosphenos nyktos, the orientation of the teeth in occlusal 
view is slightly different. This was because it was possible to orient the ascending ramus perpendicular to the plane of the drawing 
whereas in A. nyktos, this orientation was unknown. Art by Peter Trusler. 
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Figure 2. Referred specimens of Bishops whitmorei, NMV P209975, right mandible fragment in (a) labial, (b) occlusal, and (c) lin¬ 
gual views. NMV P208484, right mandibular fragment in (d) labial, (e) lingual, and (f) occlusal views. Art by Peter Trusler. 
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a triangular profile in lateral view with the apex of 
the tallest cusp located above the posterior edge of 
the anterior root. On both jaws where the P, is 
preserved, it may be ever so slightly lingual of a line 
drawn through the premolars behind it. The doubt 
about this is owing to the fact that both jaws are 
cracked in numerous places, and the displacement 
from the line of the teeth behind could be an artifact. 
P,_ 2 have a pair of distinct low cuspules, one located 
at the anterior end of the tooth and the other at the 
posterior. The anterior cuspule is displaced 
somewhat lingually. By contrast, on P,^, while there 
are swellings at the anterior and posterior 
extremities of both teeth, distinct cuspules are not 
present there. The spacing between these teeth as 
well as the premolars behind them is such that the 
teeth are not in contact with one another and there 
are no mechanisms for interlocking between them. 

Py-P(y (figs la-d, 3a): The P 6 has a well-defined 
trigonid with a posterior cingulid in the middle one- 
third of the rear border of the tooth. The protoconid 
is much taller than the paraconid and metaconid, but 
all three cuspids are quite distinct. Like the molars 
behind it, the P 6 is exaenodont and there is no 
cingulid on the labial side of the tooth. On the 
lingual side of the tooth, there is a weak, rounded 
cingulid between the paraconid and metaconid. On 
the lingual sides of both teeth, the crowns of P 5 _6 are 
cantilevered significantly beyond the underlying 
roots as is also true of the molars. 

In many respects, the P 5 is intermediate between the 
P 4 in front and the P 6 behind. While a paraconid and 
metaconid are present, they are much more subdued 
than on the P 6 . The postcingulid is barely 
perceptible. However, the lingual cingulid is 
somewhat more angular and thus more distinct. 
Otherwise, the P 5 and P 6 are rather similar. 

M,-Mj (figs 1-2, 3a, 3d, 4): All three molars of 
Bishops whitmorei have a well developed trigonid 
behind which is a fully enclosed talonid basin for the 
receipt of a protocone on the upper molars; i.e. they 
are fully tribosphenic. Clear evidence of wear within 
the talonid basins of some lower molars 
demonstrates that a protocone did, in fact, occlude in 
that area of those teeth. In all three molars, the 
protoconid is the tallest trigonid cusp and the 
metaconid, while being only about half the height of 
the protoconid, is still noticeably taller than the 
somewhat forwardly inclined paraconid. A modest 
precingulid is developed, and there are no lingual or 
labial cingulids on the teeth of M 2 _ 3 . On the M,, the 
precingulid passes into a very short, narrow lingual 
cingulid that terminates posteriorly opposite the 
paraconid. The base of the crowns are cantilevered 
beyond the roots on the lingual side of the teeth. 


The talonid crest on the lower molars of 
Ausktribosphenos nyktos, which is called unnamed 
cristid 2 (uc2) in Rich et al. (1997, fig. 3a; 1999, fig. 
6a), is well developed in Bishops whitmorei, whilst 
the crest called the entocristid in those two figures is 
quite reduced or even absent in some (but not all) 
molars of B. whitmorei (compare figs lb, 2f and 3d). 
W. A. Clemens (pers. comm.) had previously 
suggested that uc2 was the actual homologue of the 
entocristid in A. nyktos. Because the variation in this 
structure amongst specimens of B. whitmorei 
supports that view, entocristid is adopted here in 
figure 4. Rather than redefine uc2, the crest formerly 
identified as the entocristid is now called ‘unnamed 
cristid 4’ (uc4) in figure 4. Although on most of the 
lower molars of B. whitmorei, the hypoconulid and 
entoconid can be described as twinned on the lingual 
side of the talonid, the M, of NMV P210070 has a 
hypoconulid that is noticeably separated from the 
entoconid (fig. 3d). In this regard, the condition in 
NMV P210070 is closer to that typical of placentals 
than is found in any other ausktribosphenid. 

Lateral aspect of the mandible (figs la, 2a, 2d): The 
anterior end of the lower jaw tapers to an extremely 
shallow depth under the incisors. The greatest depth 
of the jaw occurs beneath the M 2 _ 3 . The single 
mental foramen is located between the P, and P 2 . 
The leading edge on the ascending ramus is almost 
vertical, forming as it does an angle of 100° with 
respect to the dorsal edge of the horizontal ramus. 
This, the posterior position of the angle, and the 
height of the condyle well above the level of the 
tooth row are all features as advanced as in any 
Cretaceous placental mammal. A prominent lateral 
flange is present along the leading edge of the 
ascending ramus, which suggests the former 
presence of a prominent pars superficialis of the 
temporalis muscle. This inference is based on the 
general similarity of the mandible of Bishops 
whitmorei to that of the larger Echinsorex gymnurus 
(Turnbull 1970, fig. 9a-b). Near the base of the 
mandible and beneath the posterior half of the 
ascending ramus, there is a prominent horizontal 
ridge, which forms the dorsal edge of the masseteric 
fossa. This ridge continues posteriorly to terminate 
at the posterior end of the angle. 

Medial aspect of the mandible (figs lc, 2c, 2e, 3a): 
On the medial side of the ascending ramus, there is 
a prominent ridge along its trailing edge from the 
angle to the condyle. That, together with a 
prominent horizontal boss near the base of the 
ascending ramus just posterior to the mandibular 
foramen, formed the posterior and ventral 
boundaries of a prominent fossa. In his muscular 
insertion maps for nine extant mammals, Turnbull 
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Figure 3. Referred specimen of Bishops whitmorei, NMV P210070, (a) right mandible in lingual view to show principally the anterior 
end of the horizontal ramus, and greater extent of the angle than on the holotype of B. whitmorei; (b) occlusal view of anterior end of 
mandible; (c) anterior view of anterior end of mandible showing the Pj and the four alveoli for I,., and C 1; and (d) occlusal view of 
right M,. Art by Peter Trusler. 


(1970) did not indicate a single species in which 
there was a muscle inserted in this area. On one 
specimen, NMV P210075, there is a small but well 
developed, posteriorly facing foramen at the base of 
the angle and immediately behind the boss. A similar 
foramen can be seen on the holotype of 
Ausktribosphenos nyktos (NMV P208090) but not 
on a referred specimen of that species (NMV 
P208228). While that foramen is located near the 
trailing edge of the ascending ramus, the mandibular 
foramen is just forward of a point midway between 
the anterior and posterior edges of the ascending 
ramus. The mandibular foramen is ventrally placed 
and beneath it is an extremely shallow short groove 
(figs lc, 2c). In these regards they are much more 
similar to the specimen referred to A. nyktos than to 
the holotype of that species. No trace of a 
mandibular foramen is visible on one specimen of B. 
whitmorei (fig. 3a, NMV P210070). This may be 
owing to crushing. 

Although the holotype of A. nyktos has both a 
Meckelian groove and a surangular facet closely 
associated with the mandibular foramen, NMV 
P208228 resembles B. whitmorei in having a single, 
weaker groove well separated from the mandibular 
foramen. The single groove of NMV P208228 was 


designated as the groove for postdentary bones or 
surangular facet in Rich, Flannery & Vickers-Rich 
(1998, fig. le). However, a more appropriate 
designation for such a structure in this part of the 
jaw would be the less committal ‘internal 
mandibular groove’ as suggested by Simpson 
(1928). This change of terminology is justified by 
the location of the groove both anterior and posterior 
to the mandibular foramen so that it is not obvious 
how it is to be homologised with the surangular 
groove and Meckel’s groove, as there is no clear 
division of it into two segments. 

Posterior view (fig. le): The condyle has a ‘T- 
shaped’ appearance. The articular surface is nearly 
horizontal and projects both medially and laterally 
from the vertical plane of the mandible. In 
parasagittal section, the articular surface is gently 
convex dorsally. A similar pattern is to be seen in 
erinaceids, such as Erinaceus europaeus (Butler 
1948, fig. 23d). Seen from the rear, the angle is a 
dorsoventrally flattened blade that also projects both 
medially and laterally away from the vertical plane 
of the mandible. In this view, its ventral surface is 
concave downward. 
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Figure 4. (a) M 2 of Bishops whitmorei, NMV P208484, and 
generalised lower molar of (b) Ausktribosphenos nyktos. 
Abbreviations: co, cristid obliqua; encd, enlocristid; end, ento- 
conid; hypld, hypoconulid; hyped, hypocristid; hypd, 
hypoconid; meed, melacristid; med, metaconid; pad, paraconid; 
pacd, paracristid; pred, precingulid; prd, protoconid; ucl, 
unnamed cristid 1; uc3, unnamed cristid 3; uc4, unnamed cristid 
4. The tooth in figure 4a is oriented in the same manner as that 
in 4b. Thus, for the reasons explained in the caption for figure 
1, the tooth in figure 4a is not identical in orientation to that in 
figure 2f. 


Conclusions 

Bishops whitmorei has a suite of character states 
critical to the debate as to the affinities of the 
Ausktribosphenidae that demonstrate their variable 
nature within that family. As such, they bring into 
question a number of the objections that have been 
raised to the hypothesis that the ausktribosphenids 
are placental mammals. In contrast to 
Ausktribosphenos nyktos, B. whitmorei lacks a 
coronoid facet on the dentary, has a much weaker 
internal mandibular groove that cannot be 
differentiated into a Meckelian groove and a 
surangular facet, has unnamed cristids on some 
lower molar talonids that are much weaker and in 
one case has a hypoconulid located near the midline 
of the tooth and well separated from the entoconid. 
In these differences, B. whitmorei is more like the 
vast majority of placental mammals than is 
Ausktribosphenos nyktos. If the Ausktribosphenidae 
are correctly regarded as placental mammals near 
the base of the group, then such a mosaic of features 
amongst the members of the family is to be 
expected. 

The presence of six premolariform lower premolars 
is a most surprising feature of Bishops whitmorei. If 
they are, in fact, six premolars, either they represent 
an even more primitive condition for placentals than 
the five seen on some other early members of the 
group (McKenna 1975, Cifelli 2000) or 
specialisation unique to this family. If these six 
premolariform teeth are actually a premolariform 
canine followed by five premolars, then B. 
whitmorei possesses a known primitive character 
state for the Placentalia. 
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Second tribosphenic mammal 


Measurements (in mm) of Bishops whitmorei 


P. 



P 2 


P 3 


Length 

Width 


Length 

Width 

Length Width 

NMV P210070 

1.0 

- 


0.9 

- 

- 

NMV P210075 

0.9 

0.4 


0.8 

0.4 

0.8 0.4 


P 4 



P 5 


P 6 


Length 

Width 


Length 

Width 

Length Width 

NMV P210070 

0.9 

- 


1.0 

- 

- 

NMV P210075 

0.9 

0.6 


1.1 

0.7 

1.2 1.1 





M, 




Length 


Trigonid Length 

Trigonid Width 

Talonid Width 

NMV P209975 

1.3 ±0.1 


- 


- 

- 

NMV P210070 

1.5 


0.9 


1.2 

1.0 

NMV P210075 

1.4 


0.8 


1.2 

1.1 





m 2 




Length 


Trigonid Length 

Trigonid Width 

Talonid Width 

NMV P208484 

1.6 


1.2 


1.0 

1.0 

NMV P209975 

1.8 


1.2 


- 

- 

NMV P210070 

- 


- 


- 

- 

NMV P210075 

1.7 ±0.1 


0.9 ±0.1 


- 

- 





M 




Length 


Trigonid Length 

Trigonid Width 

Talonid Width 

NMV P209975 

1.3 


- 


- 

- 

NMV P210070 

- 


0.5 


0.9 

0.9 

NMV P210075 

1.1 ±0.1 


0.5 ±0.1 


0.9 ±0.1 

0.8 
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